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Abstract 
This work used several methodologies to evaluate the vertical groundwater recharge from precipitation in the aquifer 
of the Mexico City, Mexico. Firstly, the spatial variation of the recharge was evaluated and then the temporal 
variation in the recharge was analyzed in a station located in the center region of the study area. Several independent 
methods were applied to evaluate recharge: water-table fluctuation method and groundwater flow modeling in steady-
state and in transient conditions. The results obtained show that the temporal variation in the recharge, measured in 
annual periods, was considerably greater than the variability in the precipitation that generated it, for all the applied 
methods and all the analyzed periods. The annual mean groundwater recharge varied from over 20% of the annual 
mean precipitation in the upper basin to less than 3% of the precipitation in the plains. A conceptual model of the 
groundwater system is proposed and its relationship to the recharges in each sector of the basin. This model identifies 
a regional flow system and local systems of different sizes. 
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1. Introduction 
Within the objectives of this paper it is to introduce a system that allows storing information, analysis 
and visualization of the measurements of static and dynamic levels of the outdoors measurements made 
during the year of 2009, as well as the years following 1985.  
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We use the (GIS) as a support in the modeling of water-bearing layers and better decision making in 
the operation of the well network of the Valley of Mexico, based on the measurement data [1]. 
In order to carry out the multi-temporary study the static and dynamic levels of 225 wells, located in 
the aquifer of Mexico City, were modeled. The hydraulic balance of the underground water to determine 
the overexploitation degree is presented. 
Using the multi-temporal analysis through GIS, the affectations product of the overexploitation on the 
Valley of Mexico, also quantifies so much the areas as volumes in the periods 1985-2009 and 2005-2009, 
that they try to show the zones of drawdown or recharge. These results were processed through GIS with 
the intention of displaying two-dimensional graphs of the behavior of the aquifer in different stages [2]. 
1.1. Background 
The water for the zone of study is obtained from three main sources: aquifer mantles, Lerma-
Cutzamala River and Magdalena River. Aquifers are the principal supply source of water in the 
Metropolitan Zone of Mexico City (MZMC); the soil of this zone is volcanic and clay type. Rain plays an 
important role in the recharge of the aquifer mantles. 
At the present, the volume of water which we extract from the aquifer is greater than what is naturally 
recovered of the rain, from the subsoil extracted 45 m3/s and only 25 m3/s recover. Consequently the soil 
is compacted and cause the subsidence of 0.10 m/year, although in certain places like Xochimilco, 
Tláhuac, Ecatepec, Netzahualcóyotl and Chalco the soil has been compacted up to 0.40 m/year in only 
one year; for that reason the water that is extracted contains a greater amount of minerals, that makes it 
lower quality. Statistical registries show annual subsidence ranging from 0.15 to 0.25 m/year in the region 
of the International Airport of Mexico City. 
Mexico City is formed by main principal and secondary networks. The main network of pipe is formed 
by 690 km of length with tubes that measure of 0.5 m and 1.73 m of diameter. The secondary networks is 
more than 10,000 km of pipe, on interior diameter 0.5 m and have 243 tanks of storage with a capacity of 
1'500,000.00 m3, with 227 pumping station that increases the pressure on the network. 
The water leads into Mexico City by means of 514 km of aqueducts and lines of conduction, which 
arrive at the takings of the users, by means of 910 km of primary network and 11,900 km of distribution 
networks. In this way, the Mexico City´s inhabitants are provided an average of 35 m3/s. There also exist 
27 water treatment plants. In the MZMC, basically exists three uses for the water: 67% are destined to the 
domestic sector, 17% is used in the industry and 16% are used in schools, hospitals and offices. 
Water consumption minimum in Mexico City is divided by social classes occurs as: in some illegal 
establishments; it is around 28 l/p/day (liters per person per day), the consumption estimation average in 
the sectors of medium income is between 275 to 410 l/p/day and in the sectors of maximum income is 
between 800 and 1000 l/p/day. 
1.2.  Zone of study and hydrogeology 
The study is made for a single system of the aquifer, namely the aquifer subsystem of Mexico City. 
Regionally, the subsoil of the Valley of Mexico is constituted by a sequence of alluviums and volcanic 
products, both permeable, which allows the infiltration and underground water circulation. The aquifer is 
confined by lacustrine clays in the east portion of the valley and in the western portion it works like a free 
aquifer [3]. 
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The main recharge of the aquifer comes from the infiltration of water that precipitates on the 
mountains that surround it, especially in the south portion, due to the high permeability of rocks. The 
principal discharge of the aquifer is carried out by means of pumping of wells perforated in the valley, 
while the discharges to other basins do not exist, because the Valley of Mexico is an endorheic basin, 
without natural exits of superficial water and groundwater (Fig. 1). 
 
 
Fig. 1. Location of the zone of study, Mexico City, Mexico. 
The hydrogeological behavior and hydraulic characteristics of rocks depend on their lithology, texture, 
structure and fracturing. Based on these parameters, the rocks of the area are classified in three 
hydrogeological units, taking into account their degree of permeability, compaction, particle size and 
cementation (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Soil map of the southern basin of Mexico, year 2010. 
223 Gerardo Ruiz /  Procedia Environmental Sciences  25 ( 2015 )  220 – 226 
Permeable unit: The rocks grouped in this unit are volcanic products of the Quaternary, which are 
constituted by pyroclastic materials in all the variety of sizes that consolidated slowly. There are basaltic 
rocks with high secondary permeability, that have intense fracturing and vesicular texture. They a form 
the main body of the mountain range of the Chichinautzin and Sta. Catarina, in the south and southwest 
portion of the area. 
Semi-permeable unit: This unit includes rocks of predominantly andesitic composition, with secondary 
permeability due to fractures, which conform to the main bodies of the mountains of Cruces and Nevada, 
located to the west, respectively, and oriented in the river basin under study, as well as the andesitic rocks 
that constitute the mountain range of Guadalupe, located to the north. It also includes the extensive 
volcanic fans that form flanks of the mountain (Tarango formation), made up of pyroclastic flows of 
intermediate composition to acid layers of pumice, fluvial deposits and lahars. 
Impermeable unit: Included in this unit are lacustrine materials that are located in the center of the 
river basin, constituted by predominantly argillaceous materials moderately consolidated, considered as 
an aquitard, because have considerable contributes in the aquifer volume in long periods of time. 
2. Results  
The configuration of the elevation of the static level is such that the hydraulic load varies from 2035 to 
2240 meters above sea level [4]. It is observed that the highest levels, amounting to 2240 m.a.s.l., are in 
the west zone and descend to the downtown of Mexico City. Also, in the south zone, in Santiago 
Tepalcatlapan, 2225 m.a.s.l. descend to the zone of Coyoacan until reaching values of the 2175 m.a.s.l. 
around Mount “Estrella” in Iztapalapa. 
The groundwater flow settles down from the highest levels towards the lowest, that is, of hills of the 
West and the South towards the center of the valley. In the North portion of the aquifer; Tlalnepantla, 
Azcapotzalco, Miguel Hidalgo and Cuauhtémoc, the groundwater flow is generated in the high parts, 
Mountains of “Cruces”, has a main direction from the West to East and feeds the zone bordering the 
refinery of Azcapotzalco. 
Watershed groundwater with hydraulic load of 2180 m.a.s.l. that is located between the delegations 
Gustavo A. Madero and Venustiano Carranza, which could correspond to the limit between aquifers of 
Mexico City to the West and Texcoco to the East. From this zone, the contribution is drawdown to the 
West and to the East, in the lake of the Texcoco. 
In the average portion of the aquifer of the City, in the zone of Alvaro Obregón, Contreras, Benito 
Juárez and Coyoacán, the configuration of the elevation of the static level indicates that the groundwater 
flow is generated in the Mountains of “Cruces”, has a main direction from West to East and contributes 
the low parts of the basin, where it delimits a cone of abasement that intercepts groundwater flow of the 
Eastern part. In Fig 3a we present the static level in 2009 and in the Fig 3b the dynamic level measured in 
2009 in m.a.s.l. 
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Fig. 3. a) Static level measured in 2009, aquifer of Mexico City, Mexico, b) Dynamic level measured in 2009, Mexico City, Mexico. 
The 1985-2009 evolution of static level, based on the piezometric data of the well network obtained in 
1985, compared with the measured ones in the present year, is shown in Fig 4a, which contains the 
evolution experienced by water-bearing object of this study in period 1985-2009, (Pan, 1999). In the 
analyzed period, the observed values of drawdown and recharge ranged from 36.93 to 33.87 m, 
respectively, both appearing in the South system, in the well 165 denominated “Nuevo Universidad” 
(greater drawdown) and Per-9 (greater recharge). The principal recharge to the aquifer corresponds to the 
infiltration of rain that is generated by the topographic elevations, mainly in the South portion, due to the 
high permeability of rocks; which is next in the importance is the Mountain of “Cruces” in the West, with 
an average permeability.  
Fig. 4. a) Evolution of the static level 1985-2009,  Mexico City, Mexico, b) Evolution of static level 2005-2009, Mexico City, 
Mexico. 
a) b) 
a) b) 
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The groundwater circulates to the mountains, to the center of the valley. The total of values reported in 
1985 (50 measurements) and compared to the values measured in 2009 (225 measurements), indicated 
that single three stations had recharged, which were: Santa Cruz Xochitepec, Per-9 and Per-19, probably 
due to industries and growth of the population. 
Fig. 4b shows the configuration of the evolution that has undergone the static level in the period 2005-
2009. In this period, there appeared a drawdown in the aquifer level of 44.10 m, located in the well Santa 
Catarina N. 12 of the East system and a maxima recharge in this period of 11.15 m in the well No. 69, 
“Jardines del Pedregal, located in the center system. Among all systems that integrate the aquifer of 
Mexico City, the system to greatest recharge is the North, with recharges between 2 to 4 m. According to 
the information that appears in Fig. 4b, it is observed that the recharge of the aquifer is in the 
Southwestern zone and decreases until becoming a strong drawdown in the zones of Iztapalapa and 
Venustiano Carranza. It is necessary to comment that a diminution of the discouragement is the 
drawdown in this period as compared to the period 1985-2005, and also a smaller recovery of the aquifer, 
although by a short period; if continues, the recovery of the aquifer of this form will have excellent results 
in relatively just a short time. 
Analyzing the spatial variability of the depletion of the groundwater from the watershed using the 
method of the principal component analysis, see (Moon, 2004). Static each of wells-level data were used 
and prepared the Hydrographers of 225 wells monitored in 2009, divided into 5 sets: Center, 22 wells; 
North, 12 wells; East, 44 wells; West, 8 wells and South, 139 wells. The variance related by the first 
major components for each of the five systems of the city of Mexico is shown in Table 1. 
                            Table 1. Percentage or variance regarding the principal components. 
System Principal component 
 1 (%) 2 (%) 3 (%) 4 (%) 5 (%) 
Center 64.3 13.1 9.7 4.7 2.4 
East 59.4 15.2 12.6 6.2 4.1 
North 40.9 13.7 9.6 7.9 6.2 
South 64.4 25.3 7.0 2.0 1.2 
West 41.9 9.6 7.9 6.7 6.1 
 
With the principal components analysis could be obtained similar conditions of overexploitation of the 
aquifer, to identify the priority of aquifer recharge areas since it has high spatial and temporal variability 
of rainfall and runoff events, as well as important horizontal variation of the profiles of soil and 
hydrogeological conditions and for practical purposes similar conditions could be obtained, it is enough to 
make estimates of the aquifer response to short and medium term extraction. 
Finally, although there were several wells that did not have measurements of dynamic depth, the 
results were obtained showing lines of equal depth, that gives a clear idea of the behavior of the 
underground water in a dynamic phase. It is important to point out that the interpretation in the dynamic 
depth is based on the characteristics of its pumping equipment and its regime of operation, since they 
have a significant influence on the total volume of extraction [5]. 
The term of frequent use in wells is the specific discharge that express the amount of cubic meters per 
second that a well is able to provide by each meter of drawdown of its water level (drawdown is the same 
at the dynamic level except the static level). The specific discharge (Fig. 5) the values oscillate between 
0.01 and 0.06 m3/s/m. 
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Fig. 5. Specific discharge, Mexico City, Mexico. 
3. Conclusions 
The depth of the static levels is controlled by the topographic configuration and the elevation of the 
land; in the aquifer of Mexico City it varies between 15.15 and 176.15 m. The measurement of the 
dynamic levels begins in this project; the depths of such a level vary between 15.74 and 181.70 m. As 
concerns the average portion of the aquifer, the configuration of the elevation of the dynamic level 
indicates average elevations of the order 2165 m.a.s.l., fed mainly by the West zone and the South of 
Mexico City. In analyzed period 1985-2009, the observed values of drawdown and recharge are 36.93 
and 33.87 m, respectively, both appearing in the south system. It is necessary to mention that a diminution 
of the discouragement in the period 2005-2009 as compared to the period 1985-2005 is drawdown; also, 
there was a smaller recovery of the aquifer, although by a short period of time. If continued, the recovery 
of the aquifer will have excellent results in relatively just a short time. 
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